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Abstract 

The aim of this study was to make sure that there are no health issues for ordinary virgin 

olive oil (OVOO) category, through a biological study. Twenty-four male Albino rats 

weighting approximately 200 grams were divided into four groups, each group 

containing six rats. Group G1 fed on basal diet as a control negative group. The fat was 

replaced in the other three groups as follow: group G2 fed on basal diet with extra virgin 

olive oil (EVOO), group G3 fed on basal diet with OVOO and group G4 fed on basal 

diet with olive oil (OO) (mixture of virgin olive oil and refined olive oil). The 

experimental period was 60 successive days. At the end of the experiment lipid profile, 

liver functions, kidney functions and the activities of SOD, CAT, GSPx, GSH and 

MAD levels were determined. Undisputedly, EVOO had the best results in all study. 

OVOO did not affect negatively on all parameters unlike olive oil (contains refined 

olive oil) which caused significant increases in TC, LDL, VLDL, TG and MAD levels 

and also increased ALT, AST, ALP, SOD, CAT GSPx activity whereas HDL and GSH 

levels were decreased. Moreover, OVOO did not show any histopathological 

alterations in examined liver sections. 
. 
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Introduction 

Olive oil is one of the oldest vegetable oils, mainly produced in Mediterranean countries. Its 

consumption is increasing throughout the world due to the growing interest in Mediterranean 

diet, of which olive oil is one of the main ingredients and which is often strongly correlated 

with the reduction of cardiovascular diseases and certain forms of cancer (Khlil et al., 2017). 

The International Olive Council (IOC) standards (2019) and the Codex Alimentarius (2003) 

distinguish four categories of virgin olive oil: EVOO, virgin olive oil (VOO), OVOO and 

lampante virgin olive oil (LVOO). The OVOO category is part of the four virgin olive oil 

categories in the IOC Trade Standard (2019) and Codex standards (CXS 33-1981). It is 

defined as an ordinary virgin olive oil, having a degree of acidity ≤ 3.3% and/or a median of 

defects ≥ 3.5 according to the IOC standard and 2.5 according to the Codex.  

Since October 2017, in codex committee CCFO25th (2017), an electronic working group 

(EWG) was created within the Codex and chaired by Spain. EWG has widely discussed the 

eventual removal of OVOO category of from the Codex standard and no consensus has been 

reached.  

In CCFO26th (2019), most of the countries supporting the removal of this category of oil have 

their argument for the protection of consumer safety considering the low quality of this oil 
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category, and the allowed limits of acidity up to 3.3% and median of defect up to 6. In terms 

of consumer protection, it does not represent a food safety issue and there is no scientific 

evidence to show that this category of oils compromises consumer health. The acidity 

parameter is not directly linked to toxicological problems but, it is sometimes an indicator of 

lack of quality (alteration by hydrolysis of fatty substances). According to CODEX STAN 

210-1999, this quality factor is supplementary information to the essential composition and 

quality factors.  

Most of the scientific papers on olive oil focus on health implications of EVOO. However, as 

yet, there are still no well-founded studies proving the toxicity or harmfulness of OVOO. 

Although, considerable number of consumers use it without any problem or feeling bad effect 

on health in many regions in Morocco, Algeria and Egypt, for example. 

The debate on the eventual removal of the OVOO category from the Codex standard is ongoing 

within the Codex electronic working group and a consensual conclusion is very awaited. But, 

during the development or revision of a standard, it is crucial to consider economic and 

normative aspects related to the product. There are many aspects that should be considered 

during the development or revision of a standard: 

According to categories of olive oil production, EVOO remains the lead product, although 

other categories such as VOO and OVOO are also of heavy consumption, especially in many 

producer countries. According to the IOC statistics for the last years, the production of olive 

oil is about 3 million tonnes covering 4 categories, namely EVOO, VOO, OVOO, and LVOO. 

This classification lacks quantitative precision due to the absence of denomination of the 

OVOO category in some producer countries. However, in OVOO producer and consuming 

countries, the share of production of this latter stands at almost 20% to 30% depending on the 

country and the production year. In Iran for example, an average of 3000 tonnes of OVOO is 

produced every year, representing about 30% of its production. In Egypt, Algeria, and 

Morocco, OVOO represents 10% to 20% of their productions.  

With regard to international trade of OVOO, the ordinary virgin olive oil is exported as such, 

because there is a need and a market for this quality.  Since 80 thousand tonnes of OVOO are 

marketed every year, not only in traditionally producer countries but also is some Middle-East 

and African countries. Also, one of the strengths of this category of oil is its current presence 

in several national and international standards, notably in those of the IOC and the Codex. The 

removal without transition, of this category of oil from the Codex standard will create some 

difficulties for producers as well as for its commercialization. Also, the removal of this 

category of oil from the Codex standard will increase the divergence between different 

international standards, notably those of the IOC and the Codex, which is against the Codex 

directives and objectives to enhance coordination among all works on food standards 

undertaken by international governmental and non-governmental organizations. 

Although the Codex is trying to remove this category of olive oil (OVOO), the refined olive 

oil category is still produced from low quality olive oil and undergoes a refining process that 

removes most of the free fatty acids, considered an undesirable component of oils, and other 

impurities in the oil. Potentially beneficial substances, such as polyphenols, are also removed 

during the refining process. The resulting oil is tasteless, colorless, and odorless, similar to 

commonly consumed refined vegetable oils (ISO 2016) still exists.  

So, our target was to make sure that there are no health issues for OVOO category through a 

biological evaluation for lipid profile levels, oxidative stress, liver function, kidney function 

and histopathological examination of liver.  
 

 

Materials and Methods 
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Oil samples: EVOO and LVOO were obtained from Research and Training Olive Oil mill, 

Food Technology Research Institute (FTRI), ARC. Olive oil category is a mixture from extra 

virgin olive oil and refined olive oil.  

 

Kits: Kits of glucose; lipid profile (TC, LDL, HDL and TG); liver function (ALT, AST and 

ALP); kidney function (creatinine, urea and uric acid), SOD, Catalase, GSPx, GSH and MDA 

were obtained from Biodiagnostic Co., Doki, Giza, Egypt.  

 

Quality characteristics: Peroxide value (PV) and free fatty acids% (FFAs) were evaluated 

following the methodology proposed by A.O.A.C. (2019). UV spectrophotometric indices 

(K232, K270, and ΔK) were measured according to the EEC 2568/ (1991) Regulation 

methods.  

 

Fatty acids composition analysis and determination were carried out by preparation of methyl 

ester according to (Cossignani et al., 2005) followed by the identification of methyl esters 

using an Agilent 6890 series gas chromatograph apparatus equipped with a DB23 column (60 

m X 0.32 mm X 0.25 μm)) (Eid and Elsorady, 2012).  

 

Total phenols content was determined according to the method described by Gutfinger 

(1981), and results were expressed as mg of caffeic acid per kg of oil.  

 

Phenolic compounds of oil samples were identified and determined using HPLC following 

the method described by Goupy et al. (1999). 

Total pigments (Chlorophyll and Carotenoids) were determined as follow:  7.5 g of olive 

oil was accurately weighed and dissolved in cyclohexane up to a final volume of 25 ml. Then, 

Chlorophyll and Carotenoids were determined by their absorption at 670 and 472 nm, 

respectively, using a spectrophotometer (JENWAY 6405 UV/Vis., England) (Minguez-

Mosquera et. al., 1991). Results were expressed (mg/kg oil) as pheophytin and β-carotene for 

chlorophyll and carotenoids, respectively. 

The unsaponifiable matter percentage was determined as method stated in AOAC (2019). 

Organoleptic Evaluation: The organoleptic evaluation was assessed for the EVOO and 

OVOO according to the International Olive Oil Council (IOOC, 2019). 

Refining process 

Neutralization of the oil, decolorization of neutralized oil were done by the method of (EEC 

2568/1991 Regulation methods). Deodorization procedure was occurred according to 

Pardun, (1988).  

 

Animals: Twenty-four male Albino rats, average weight of 200 g + 5 g. were obtained from 

the animal house of the Food Technology Research Institute, Agriculture Research Center, 

Giza, Egypt. The rats were housed in wire cages at normal healthy laboratory condition 

(temperature was adjusted at 25 ± 2 ºC for 12-hour light – dark animals were adapted on free 

access of water) and were fed for one week on basal diet before the initiation standard of the 

experiment.  
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The composition of the basal diet (g/100g): Casein 10%; cellulose 5%; fresh vegetable oil 

(corn oil) 10%; corn starch 70%; salt mixture 4% and vitamin mixture 1%, according to; 

Aletor, 1993 and Aning et al., 1998.  

 

Experimental design: Animals were divided into four equal groups six rats each. The first 

group of rats (G1) was fed on basal diet and was considered as negative control group (normal 

control). Corn oil was replaced in the other three groups. Rats of the second group (G2) fed on 

basal diet mixed with EVOO at the same oil ratio in basal diet. Group (G3) fed on basal diet 

mixed with OVOO at the same oil ratio in basal diet. Group (G4) fed on basal diet mixed with 

olive oil (mixture of EVOO and refined olive oil) at the same oil ratio in basal diet. The 

experimental period was 60 successive days. Food consumption was monitored, and weekly 

was weight and determined. 

Growth of rats: The gained weight was calculated by the final body weight – the initial body 

weight. 

Feed efficiency ratios (FER) = body weight gain (g) / food intake (g) according to Chapman 

et al., (1959).  

Biochemical assay: After 60 days (the period of experiment), the blood samples were collected 

from the eye plexuses of the animals. Then they were divided into two parts. The first one was 

put in a dry clean centrifuge glass tube without any coagulation to prepare serum. The samples 

were left for 15 minutes at normal temperature room, after that the tubes were centrifuged for 

another 15 minutes at 300 rpm. From then until the time of analysis the clean supernatant serum 

was kept frozen at -20 ºC. 

 

Serum glucose was measured according to Kaplan, (1984). 

 

Lipid profile: 

Serum total cholesterol was determined according to the colorimetric method described by 

Allain et al., (1974). 

Serum high density lipoprotein cholesterol (HDL-c) and low-density lipoprotein 

cholesterol (LDL-c) were determined according to Assmann, (1979) and Lee and Nieman, 

(1996), respectively. 

Serum triglycerides (T.G) were measured using the modified kinetic method according to the 

method described by Fossati and Prencipe, (1982). 

Serum very low-density lipoprotein cholesterol (VLDL-c) was calculated as mg/dl 

according to Wallach, (1992) using the equation: VLDL-C concentration mg/dl = TG/5 

 

Liver function: Alanine aminotransferase (ALT) and aspartate aminotransferase (AST) 

activities were described method of Bergmeyer and Harder, (1986). Alkaline phosphatase 

activity (ALP) was measured by absorbance at 405 nm of paranitrophenol which was formed 

from para-nitrophenylphosphate as a substrate using the method of Varley et al., (1980).  

 

Kidney function: 

 Creatinine, urea and uric acid were measured using the method of Henry (1974), Fawcett and 

Scott (1960) and Caraway, (1955), respectively.  

 

Blood enzymes activity:  

The second part of blood samples (erythrocyte) was used to measure superoxide dismutase 

(SOD), glutathione reduced (GSH), glutathione peroxides (GSPx) and catalase (CAT) 
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calorimetrically according to the method of Nishikimi et al., (1972), Ellman, (1959), Rotruck 

et al., (1973) and Aebi, (1984), respectively. 

 

The activity of lipid peroxidation level Malondialdehyde (MAD) was determined in serum 

by the colorimetric method described by (Meltzer et al., 1997).  

  

Histopathological examination: At the end of the experiment liver samples of the rats of all 

groups were carefully removed, washed in saline solution, dried between 2 filter papers and 

immediately weighted, collected and fixed in 10% neutral buffered formalin, the samples were 

dehydrated in alcohol, cleared in xylol and embedded in paraffin. 4µ thick Hematoxylene and 

eosin-stained sections were prepared (Yoon et al., 2001). Histopathological examination was 

done in histopathology department, Faculty of Veterinary Medicine, Cairo University. 

 

Relative organ weight was determined according to Chapman et al., 1959 using the following 

equation:  

Relative liver weight % = [liver weight (g)/final body weight (g)] x 100    

 

Statistical analysis: The obtained results were subjected to statistical analysis using the 

standard analysis of variance as outlined by Snedecor and Cochran, (1980) 
 

Results and Discussion 

1-Chemical properties of different olive oil categories: 

Results in Table (1) show that, the lowest significant values of free fatty acids (FFA%) were 

found in refined olive oil category (0.11%) and olive oil category (0.16%). On the other hand, 

OVOO had the highest significant value of FFA% (2.88%). FFA% value was 0.49%EVOO.       

 

Concerning peroxide value (PV) meq O2/kg oil, it was ranged from (3.3-7.3 meq O2/kg oil). 

The highest significant value was found in OO category followed by OVOO (5.21%). On the 

other hand, the lowest value was recorded in EVOO followed by value of refined olive oil (3.41 

meq O2/kg oil). The values of FFA% and PV for these categories were in the limits that were 

reported by IOC (2019). 

 

The absorbency at 232 nm is caused by hydroperoxides (primary stage of oxidation) and 

conjugated dienes (intermediate stage of oxidation) while, the absorbency at 270 nm is caused 

by carbonylic compounds (secondary stage of oxidation) and conjugated trienes (technological 

treatments) and ΔK index were illustrated in Table (1). EVOO had the lowest significant values 

of K270 (0.105) and ∆K (0.0085) followed by OVOO 0.19 and 0.0099 at the same wavelengths, 

respectively. The highest significant values of K270 and ∆K were found in refined olive oil 1.07 

and 0.13, respectively followed by olive oil. There were no significant differences in values of 

K232 in all olive categories. K232, K270 and ∆K were in the range stated by IOC, (2019). 

 

With respect to oxidative stability (in hours), Data in Table (1) show that EVOO had the highest 

oxidative stability (28.4h) followed by OVOO (22h) followed by OO (18.5h) on the other hand, 

refined olive oil had the lowest oxidative stability (13h). The differences of oxidative stability 

were significant in all olive oil categories. Basuny et al., (2008) had found correlation between 

stability and the bioactive components and the quality indices and their results indicated that 

the compound most related to oxidative stability were the phenolic compounds and pigments. 

Reboredo-Rodríguez et al., (2015) reported that oxidative stability of olive oil is mainly due 

to its high levels of MUFA (especially oleic acid content). So, refined olive oil had the lowest 

oxidative stability due to remove most bioactive components during refining process.   
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Table (1): Chemical properties (FFA%, PV meq O2/kg, UV absorbency, oxidative 

stability), UNSAP%, Chlorophyll content (ppm) and Carotenoids content (ppm) of 

different olive oil categories 

Category 

Parameter 

Extra virgin 

olive oil 

Refined 

olive oil 

Ordinary olive 

oil 

Olive oil LSD 

FFA% 0.49b±0.02 0.11c±0.01 2.88a±0.08 0.16c±0.01 0.0787 

PV 3.30c±0.1 3.41c±0.2 5.21b±0.09 7.30a±0.17 0.2794 

K232 2.286a±0.011 2.357a±0.2 2.301a±0.2 2.504a±0.101 0.2829 

K270 0.105d±0.004 1.07a±0.07 0.19c±0.02 0.451b±0.01 0.0692 

∆K 0.0085b±0.0011 0.13a±0.02 0.0099b±0.0004 0.11a±0.01 0.0210 

Induction 

period (hr) 

28.4a±0.7 13.0d±0.3 22.0b±00.3 18.5c±0.4 0.8576 

UNSAP% 1.1a±0.05 0.75c±0.05 1.04a±0.04 0.93b±0.03 0.0815 

Chlorophyll 3.68a±0.18 0.95d±0.02 2.80b±0.2 1.77c±0.02 0.2547 

Carotenoids 2.0a±0.11 0.78c±0.03 1.83a±0.10 1.33b±0.05 0.2064 

-Means, within the same row, followed by the same letter are not significantly different 

-UNSAP: Unsaponifiable matter  

 

The unsaponifiable fraction (UNSAP%) that represents about 2% of olive oil is composed of a 

very large number of minor compounds, very important for the flavour and the nutritional 

properties of EVOOs (Boskou et al., 2006). Data in Table (1) show that UNSAP% ranged from 

0.75 – 1.10%. The highest significant percentages were found in EVOO followed by OVOO. 

On the other hand, refined olive oil had the lowest value. 

 

The color of olive oil varies from a light gold to a rich green oil is due to the presence of natural 

pigments belonging to the class of carotenoids, chlorophylls, and their derivatives. These 

substances, other than being responsible for the color, an important qualitative feature of the 

oil, have antioxidant and, more generally, nutraceutical properties and their quantification can 

be related to the product’s quality and authenticity (Borello and Domenici, 2019). Our results 

(Table 1) revealed that chlorophyll and carotenoids concentration of olive oil categories under 

investigation ranged from (0.95-3.68ppm) and (0.78-2.0ppm) respectively. EVOO had the 

greatest significant values of them on the other hand; refined olive oil had the lowest values of 

them. The concentration of chlorophyll and carotenoids were 2.8ppm and 1.83ppm respectively 

in OVOO followed by OO. 

 

Table (2): Sensory attributes of EVOO and OVOO 

Category 

Attribute 

Extra virgin olive oil Ordinary olive oil 

Fruity 4.50 ND 

Bitter 2.00 ND 

Pungent 1.50 1.00 

Defects ND Fusty 5.00 

-ND: not detected 

 

The sensory attributes for EVOO and OVOO are shown in Table (2). The median (Me) of 

the positive (fruity attribute) recorded a high value in EVOO according to sensory characteristic 

limits for EVOO of IOC, 2019 (Fruity ≥ 0.00 and defects=0.00). Moreover, the Me of fusty 
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negative attribute recorded in OVOO with value (5.0) which was in the limits of IOC Standard, 

2019 (Median of defects; 3.5 ≥ Me < 6 and fruity = 0.00). Sensory analysis of oil, meaning the 

official organoleptic assessment of olive oil respectively the panel test (PT), relies on the 

standards of the International Olive Council (IOC), furthermore as on the Regulation of the 

European Commission (EC). The classification of olive oil categories is relied on these 

regulations as EVOO, VOO or LVOO, that but isn't comfortable to obviously discriminate 

between totally different quality levels inside the grade EVOO. Also, it is used to determine if 

oils contain one or more of the defects that commonly occur in oils from improper fruit storage, 

handling, pest infestation, oil storage, or processing problems (IOC, 2018). 

 

Table (3) Relative percentage of fatty acids of different olive oil categories 

Relative % of 

FA 

Extra 

virgin olive 

oil 

Refined Ordinary 

olive oil 

Olive oil LSD 

0.05 = 

C16:0 15.51a±0.06 15.54a±0.01 14.25c±0.02 15.33b±0.03 0.0665 

C16:1 1.24c±0.01 1.44a±0.04 1.12d±0.01 1.34b±0.04 0.05489 

C17:0 0.06a±0.0 0.07a±0.002 0.06a±0.0 0.06a±0.001 0.0096 

C17:1 0.10a±0.01 0.11a±0.01 0.10a±0.02 0.11a±0.0 0.0230 

C18:0 2.36d±0.06 2.45c±0.005 2.96a±0.04 2.57d±0.03 0.0736 

C18:1 69.88a±0.12 66.08b±0.58 70.34a±0.11 67.98b±0.12 0.5782 

C18:2T - 0.16a±0.01 - 0.07b±0.005 0.0105 

C18:2 9.00d±0.2 12.25a±0.13 9.29c±0.03 10.67b±0.026 0.2288 

C18:3 0.9c±0.01 0.99a±0.02 0.85d±0.02 0.95b±0.02 0.0339 

C20:0 0.47b±0.02 0.47b±0.01 0.54a±0.01 0.46b±0.03 0.0364 

C20:1 0.35a±0.0 0.31b±0.01 0.33ab±0.005 0.33ab±0.02 0.0253 

C22:0 0.13b±0.001 0.13b±0.005 0.16a±0.002 0.13b±0.01 0.0108 

TSFA 18.53b±0.03 18.66a±0.03 17.97c±0.03 18.55b±0.05 0.0678 

TUSFA 81.47b±0.12 81.34b±0.13 82.03a±0.3 81.45b±0.05 0.3294 

MUSFA 71.57a±0.28 67.94c±0.22 71.89a±0.11 69.76b±0.13 0.3715 

PUSFA 9.90d±0.1 13.40a±0.1 10.14c±0.04 11.69b±0.06 0.1494 

USFA/SFA 4.40b±0.05 4.35b±0.09 4.56a±0.02 4.39b±0.04 0.1031 

MUSFA/PUSFA 7.23a±0.03 5.07d±0.06 7.09b±0.09 5.96c±0.06 0.1093 
-Means, within the same row followed by the same letter are not significantly different 

-TSFA: Total saturated fatty acids 

-TUSFA: Total unsaturated fatty acids 

-MUSFA: Monounsaturated fatty acids 

-PUSFA: Polyunsaturated fatty acids 

 

Concerning the fatty acid composition, the results in Table (3) illustrated that, oleic acid 

(18:1) as a monounsaturated fatty acid (MUSFA) was the major fatty acid in all olive 

categories. OVOO and EVOO had the highest significant percentage of oleic acid (70.34%) 

and (69.88%) respectively, followed by olive oil (67.98%). On the other hand, refined olive oil 

had the lowest percentage of oleic acid (66.08%). The high content of oleic acid in olive oil 

serves to slow down penetration of fatty acids into arterial walls (Mailer, 2006). Oil with higher 

(MUFAs) and lower saturated fatty acids (SFAs) are preferred because of the proven beneficial 

effect of MUFAs on serum cholesterol levels (Hashempour et al., 2010). Palmetic acid (16:0) 

which represents the major unsaturated fatty acid (USFA) ranged between 14.25-15.51, its 

greatest significant contents were found in refined olive oil followed by EVOO on whereas, its 
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lowest percentage was detected in OVOO. In addition, linolenic acid (18:3) contents were 

found less than 1% in all olive oil categories.  

The most important change in the fatty acids' composition was finding of C18:2T in refined 

olive oil (0.16%) and OO (0.07%). Trans-fatty acids arise during refining of vegetable oils as 

well as during hydrogenation, or from attempts to eliminate the sterol fraction of seed oils with 

a fatty acid composition similar to that of olive oil (Firestone, 2005). 

The results of fatty acids profile were an emphasis that the high result values of 

physicochemical properties for absorbency in UV at K270 for refined olive oil and virgin olive 

oil in contrary with EVOO and OVOO. 

 

The MUSFA/PUSFA ratio is frequently used as a stability parameter and, in previous studies; 

the cultivar with higher ratios were those with higher oxidative stability (Beltran, 2000). 

EVOO had the highest significant value of it (7.23%) in accordance with their higher oxidative 

stability (30.5 h) followed by OVOO (7.09%) whereas, refined olive oil had the lowest ratio 

5.07 with considerable low oxidative stability 13.0h. 

 

Table (4): Total phenol content (mg/Kg as Caffeic acid) and Phenolic compounds of 

different categories of olive oil 

Phenols (mg/Kg) 

Extra virgin Refined  Ordinary

  

 Olive 

oil  

LSD 0.05 

Pyrogallol 174.01a±1.3 15.04d±0.14 139.52b±1 79.93c±2.01 2.3214 

Gallic 33.66a±2.42 2.89d±0.43 18.28b±1.28 8.48c±0.48 2.6479 

3-OH Tyrosol 307.21a±6.1 22.14d±0.86 166.68b±3.68 86.92c±2.02 7.0207 

Catechol 222.32a±6.1 14.61d±1.11 173.47b±4.07 65.51c±3.00 7.5324 

4-aminobenzoic 0.87a±0.02 0.01d±0.001 0.34b±0.01 0.12c±0.02 0.0282 

Catechein 0.96a±0.02 0.12d±0.01 0.59b±0.03 0.22c±0.02 0.0282 

Chlorogenic 23.11b±1.00 12.67d±1.5 17.89c±1.89 37.28a±2.28 3.2639 

P-OH- benzoic 7.92a±0.4 0.43d±0.03 4.68b±0.12 1.93c±0.03 0.3951 

Benzoic 30.56b±1.44 5.00d±0.44 27.78c±1.08 36.65a±1.77 2.4098 

Caffeic 157.86a±2.14 11.17d±0.76 74.52b±3.00 55.77c±0.91 3.6435 

Vanillic 14.71a±0.29 0.71d±0.09 5.21b±0.22 3.34c±0.11 0.3678 

Caffeine 4.27a±0.27 0.79d±0.02 3.03b±0.26 2.13c±0.09 0.3660 

Ferulic 0.79a±0.03 0.03d±0.002 0.47b±0.03 0.09c±0.01 0.04107 

Salycillic 1.24a±0.02 0.28d±0.01 0.86b±0.03 0.73c±0.01 0.0352 

Oleuropin 170.53a±2.57 14.03d±0.06 142.28b±2.59 75.64c±0.64 3.4902 

Coumarin 4.1a±0.16 0.59d±0.02 2.35b±0.05 1.73c±0.036 0.17409 

Total phenols 

content (mg/Kg 

as Caffeic acid) 

685.68a±4.32 63.52d±1.73 435.01b±3.45 209.19c±2.32 5.8747 

-Means, within the same row followed by the same letter are not significantly different 

 

Total phenol content and phenolic compounds of different olive oil categories are 

tabulated in Table (4). The results revealed that EVOO recorded the highest content of total 

phenolic compound (685.68ppm) followed by OVOO (435.01ppm) and olive oil (209.19ppm). 

On the other hand, refined olive oil had the lowest value of total phenolic content (63.52ppm). 

The differences of total phenol content were significant in all olive categories.      

Concerning phenolic compounds, results in Table (4) show that sixteen phenolic components 

were identified in all olive oil samples. 3-OH tyrosol, catechol, pyrogallol, oleuropin and 

caffeic acid were the predominant phenolic compounds in different olive oil categories. EVOO 

had the greatest significant contents of the abovementioned compound (307.21, 222.32, 174.01, 

170.53 and 157.86 ppm, respectively) followed by OVOO in the same compounds (166.68. 

https://ejchem.journals.ekb.eg/?_action=article&au=464325&_au=Amal+R.++Tageldeen
https://ejchem.journals.ekb.eg/?_action=article&au=375823&_au=Marwa+A.++Abdelfatah
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173.47, 139.52, 142.28, and 74.25ppm, respectively). On the other hand, the concentrations of 

abovementioned components in olive oil were significantly less than that in previous categories 

(86.92, 65.51, 79.93, 75.64 and 55.77ppm, respectively). It was noticed that refined olive oil 

had the lowest significant content of all phenolic compounds. 

 Although olive oil polyphenols present a minor fraction in the composition of olive oil, they 

seem to be of great importance when it comes to the health benefits, and interest in their 

biological and potential therapeutic effects is huge (Karković Marković et al., 2019). 

Hydroxytyrosol, a phenolic alcohol, has been hypothesized to exert wide range of biological 

effects, cardioprotective, anticancer applications. neuroprotective, antimicrobial, beneficial 

endocrine, antioxidant and other effects (Rodriguez-Morato et al., 2015; Parkinson and 

Cicerale, 2016; Visioli et al., 2002; Tome-Carneiro et al., 2016; Echeverria et al., 2017; 

Robles-Almazan et al., 2018 and Wani et al., 2018). The antioxidant and anti-inflammatory 

effects of oleuropin are considered to be in the basis of its pharmacological activities such as 

anticancer, cardioprotective, neuroprotective, gastroprotective, hepatoprotective, antidiabetic, 

ant obesity, radioprotective and other activities (Hassen et al., 2015).  Recent study found that 

HT had antioxidant effects via modulating gut microbiota and enhancing the expressions of 

antioxidant enzymes in mice (Wang et al., 2021). Also, other investigation found that dietary 

supplementation of HT tended to increase the semen quality, which may be associated with the 

alterations in gut microbiota and plasma metabolites (Han et al., 2022). 

 

2-Biological results  

     Olive oil has been well-known to be efficient with many beneficial and varied actions. The 

current study was implemented to compare the nutritional impact of olive oil categories 

(EVOO, OVOO and olive oil) in experimental rats to make sure that there are no health issues 

for OVOO category. The balance between antioxidant defense capacity and oxidative stress 

determines the capability of humans and animals to oxidative damage. The aging and pathology 

of many diseases caused by oxidative stress (Arrigo et al., 2015). 

 

Effect of different olive oil categories (EVOO, OVOO and olive oil) on initial body weight, 

final body weight, net gain, net gain%, food intake, food efficiency ratio (FER), and 

relative liver weight in rats had been summarized in Table (5). Data showed that the initial 

body weights did not significantly differ among the groups while at the end of the experiment, 

there were significant increases in body wight gain of group G2 and group G3 (33.12 and 

19.7% respectively), food intake (0.93 and 0.42% respectively) and FER (32.12 and 19.33% 

respectively) comparing with control negative group G1. Meanwhile, group G4 had high 

significant decreases in body weight gain, food intake and FER (12.36, 0.93 and 11.5% 

respectively) comparing with group G1. (Martensson et al., 1990) reported that GSH is 

essential for the function and structural integrity of the gut, thus the deficiency of GSH showed 

severe degradation of jejunum and colonic mucosa accompanied with weight loss and diarrhea. 

(Tripoli et al., 2005 and Servili et al., 2014) reported that EVOO contains several compounds 

such as phenolic components and flavonoids responsible for antioxidant effect. While olive oil 

category (contains refined olive oil) lacks to these compounds. Lopez-Miranda et al., (2010) 

conclude that consumption of extra virgin olive oil might exert beneficial effects in the 

prevention, development and progression of T2D (Type 2 Diabetes mellitus) compared with 

refined olive oil.  

The dietary impacts of different oil categories on liver weight were recorded in Table (5). With 

regard to relative liver weight of rats, there were no significant differences were found in this 

parameter among rats feed on basal diet (G1), EVOO (G2), and OVOO (G3) throughout the 

feeding period 60 days. Our data agreed with Nogoy et al., 2020 who reported that were no 

significant differences in relative organs weights after rats feed on EVOO. On the other hand, 
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group G4 (fed on olive oil which contains refined olive oil) had significant increases in relative 

liver weights among all tested groups. Illesca et al., 2015 and Longhi et al., 2017 reported that 

higher ingestion of potentially toxic components by the rat fed trans fatty acids lead to higher 

hepatosomatic index causes liver damage.   

 

Table (5): Effect of olive oil categories on initial weight, final weight, net gain, food 

intake, food efficiency ratio and relative liver weight in rats 

- Means, within the same column, followed by the same letter are not significantly different at < 0.05 

- Means are followed by the corresponding standard deviation 

- G1: fed on basal diet, G2: fed on EVOO, G3: fed on OVOO and G4: fed on OO (Mixture of 

virgin olive oil and refined olive oil) 

 

Effect of different olive oil categories on serum glucose and lipid profile levels in rats are 

shown in Table (6). Data revealed that the highest significant increase in blood glucose level 

was noticed in rats of group G4 (73.44%) while, the increase in group G3 was nonsignificant 

(4.07%) compared to normal control. On the other hand, there was slightly nonsignificant 

decreases in serum glucose levels among rats of group G2 comparing with normal control 

group. The increase in blood glucose that was noticed in group G4 may indicate a disrupted 

carbohydrate metabolism due to the enhanced breakdown of liver glycogen, possibly mediated 

by an increase in the adrenocorticotrophic and glucagon hormones and/or reduced insulin 

activity, as reported by (Raja et al., 1992). Intake of high-fat foods, including trans fatty acids, 

may have an impact on the formation of free radicals which can induce oxidative stress, 

inflammatory responses and destruction of pancreatic ß cells. In addition to their effect on 

membranes and blood glucose levels, trans fatty acids are also associated with systemic 

inflammation (Mozaffarian et al., 2006). Also, Mozaffarian et al., (2009) concluded that trans 

fatty acids (TFA) may also worsen insulin sensitivity, particularly among individuals 

predisposed to insulin resistance; possible effects on weight gain and diabetes incidence require 

further confirmation. EVOO consumption in mice showed higher glucose-stimulated insulin 

secretion, protection against the liver cell, and β-cell membrane lipid peroxidation than the 

control and sunflower oil groups (Oliveras-López  et al., 2008). Also, Schwingshackl et al., 

(2017) reported that EVOO consumption might demonstrate a favorable result in the 

prevention, development, and progression of type2 diabetes mellites compared with refined 

olive oil. The beneficial role of EVOO might be attributed to apigenin rutinoside, elenolic acid, 

luteolin, flavonoid, and hydroxytyrosol found in Chetoui EVOO, which can preserve the 

integrity of the biological membranes (Serreli and Deiana, 2020). 

 

Treat-

ments 

Initial (g) Final (g) Weight 

gain 

 

Gain % Food 

intake (g) 

FER Liver Liver% 

G1 199.80a±1.800 341.45c±6.450 141.60c±4.650 70.88c±1.685 1179c±9.000  0.1200bc±0.003 7.547c±0.650 2.21b±0.150 

G2 200.10a±2.100 388.60a±3.600 188.50a±1.500 94.20a±0.240 1190a±15.000 0.1584a±0.001 8.620b±0.390 2.22b±0.080 

G3 200.30a±1.300 369.80b±5.700 169.5b±4.400 84.62 b±1.690 1184b±10.000 0.14320ab±0.003 8.468b±0.950 2.29b±0.200 

G4 200.15a±3.150 324.30d±6.300 124.10d±3.150 62.02d±0.585 1168d±13.000 0.1062c ±0.001 11.87a±0.751 3.66a±0.150 

LSD 1.405 2.364 2.591 1.685 4.949 0.03594 0.4215 0.0903 

https://ejchem.journals.ekb.eg/?_action=article&au=464325&_au=Amal+R.++Tageldeen
https://ejchem.journals.ekb.eg/?_action=article&au=375823&_au=Marwa+A.++Abdelfatah
https://www.sciencedirect.com/topics/medicine-and-dentistry/insulin-release
https://www.sciencedirect.com/topics/medicine-and-dentistry/insulin-release
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Also, data in Table (6) showed that Group G4 (fed on olive oil category) significantly increased 

serum TC; LDL-cholesterol; TG and VLDL-cholesterol (33.96, 97.50, 59.06 and 59.06%, 

respectively) compared to normal rats. While, HDL-cholesterol in the same group (G4) 

significantly declined (16.74%) compared to normal control. On contrary, there were non-

significant differences in serum total TC, HDL-cholesterol, LDL-cholesterol, TG and VLDL- 

Table (6): Effect of olive oil categories on serum glucose levels and lipid profile levels in 

rats 

 

- Means, within the same column, followed by the same letter are not significantly different at <0.05. 

- Means are followed by the corresponding standard deviation. 

- G1: fed on basal diet, G2: fed on EVOO, G3: fed on OVOO and G4: fed on OO (Mixture of virgin olive 

oil and refined olive oil). 

 

cholesterol among rats feed on EVOO (G2) and OVOO (G3) compared to control group (G1). 

EVOO and OVOO had the best results' lipid profile in contrary with olive oil and we could 

explain that as follow; Polyphenol-rich vegetable oils and monounsaturated fatty acids provide 

protection against an array of human diseases such as cancer, atherosclerosis, and 

cardiovascular disease (CVD), including those involving the central nervous system. Olive oil, 

which is known for its healthful properties, which are often attributed to its high 

monounsaturated fatty acid content, including oleic acid (18:1 n-9), is a prominent member of 

the family of polyphenol- and monounsaturated fatty acid-rich oils. However, EVOO, unlike 

other vegetable oils, contains high amounts of several micronutrient constituents, including 

polyphenolic compounds such as hydroxytyrosol, tyrosol, and oleuropein (Sirtori et al., 1992). 

In vitro and in vivo human and animal studies have shown that EVOO reduces blood pressure 

(Perona et al., 2004), improves the lipid profile by increasing HDL-cholesterol and reducing 

LDL-cholesterol and TG levels (Blanco-Molina et al., 1998; Covas et al., 2006a; and 

Carluccio et al., 2007) reduces oxidative stress, and inhibits human lipoprotein oxidation, 

making LDL, for instance, less atherogenic (Berrougui et al., 2006 and Covas et al., 2006b). 

Also, there are many studies have shown that consumption of diets rich in OO, which contains 

important phenolic compounds, has a remarkable ability in reducing cholesterol level and 

platelet aggregation and is inversely associated with risk of CHD (coronary heart deseases) 

(Esfarjani et al., 2013). Atefi et al., (2018) reported that replacing canola oil and sunflower 

oil by EVOO may have some beneficial effects on systolic blood pressure, TG and VLDL-

Cholesterol in women with type 2 diabetes. In some studies, it is reported that MUFA intake 

significantly decreases TG, TC and LDL-C levels, also increases serum HDL-C (Armin et al., 

2010 and Terés et al., 2008). There are multiple mechanisms through which phenolic 

compounds may have an impact on the development of atherosclerosis, such as the inhibition 

of LDL oxidation, endothelial expression of the tissue factor and adhesion molecules 

(Malekmohammad et al., 2019). Consumption of trans fats has been showed to increase the 

risk of coronary heart disease (CHD) in part by increasing the level of LDL referred as “bad 

cholesterol” and decreases the level of HDL referred as “good cholesterol” and raising TG in 

Treatment Glucose 

(mg/dl) 

TC 

(mg/dl) 

HDL-C 

(mg/dl) 

LDL-C 

(mg/dl) 

VLD-C 

(mg/dl) 

T.G 

(mg/dl) 

G1 84.70bc±1.700 89.80bc±3.800 45.40ba±1.400 30.77bc±1.970 13.63bc±0.430 68.15bc±2.150 

G2 81.95c±1.450 87.85c±2.150 47.50a±3.750 27.18c±3.286 13.16c±1.703 65.80c±2.697 

G3 88.15b±2.150 91.22b±3.60 42.40b±4.350 34.27b±1.600 14.45b±0.850 72.25b±4.250 

G4 146.90a±6.900 120.30a±5.250 37.80c±4.800 60.77a±0.630 21.68a±1.080 108.40a±5.010 

LSD 4.6420 2.2790 3.2180 3.9500 0.9827 5.1660 
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the bloodstream thus promoting systemic inflammation (Food, Board Nutrition. Institute, 

2005)   

 

 

Table (7): Effect of olive oil categories on serum liver functions and kidney functions level 

in rats 
 

Treatments 

Liver functions Kidney functions 

ALT 

(U/L) 

AST 

(U/L) 

ALP 

(U/L) 

Creatinine 

(mg/dl) 

Urea 

(mg/dl) 

Uric 

(mg/dl) 

G1 26.55b±1.550 29.40b±1.400 68.25b 

±1.750 

0.4567b±0.122 25.80b±1.500 1.480b±0.180 

G2 23.10c±0.600 27.15c±2.150 65.30c±1.300 0.4500b±0.050 24.95b±2.950 1.430b±0.180 

G3 27.34b±1.750 30.65b±1.650 70.40b±3.400 0.4802b±0.050 25.85b±2.850 1.560b±0.360 

G4 35.60a±2.600 44.35a±3.350 99.55a±4.550 0.7100a±0.110 31.20a±3.200 2.300a±0.800 

LSD 1.8030 1.5570 2.6990 0.08037 1.8730 0.5270 

- Means, within the same column, followed by the same letter are not significantly different at <0.05 

- Means are followed by the corresponding standard deviation 

- G1: fed on basal diet, G2: fed on EVOO, G3: fed on OVOO and G4: fed on OO (Mixture of virgin olive 

oil and refined olive oil) 

 

Effect of different olive oil categories on serum liver functions had been showed in Table 

(7).  Liver Function Tests (LFTs) are used to check liver impairment, evaluate the development 

of diseases, and monitor the impact of hepatotoxic drugs and necrosis in the liver of animals. 

Serum aminotransferases and alkaline phosphatase, bilirubin and albumin also the prothrombin 

time included in (LFTs) (Macfarlane et al., 2000). The concentration of intracellular hepatic 

enzymes that have leaked into the circulation measured by (ALT) and (AST). Moreover, 

normal functioning of liver indicated by normal levels of ALT and AST, indicators of liver 

function. When the enzymes leak from the liver cytosol into the blood stream that led to higher 

level of ALP in serum (El-Sharouny et al., 2016), which is indicative of hepatotoxic of activity 

in rats. Data in Table (7) revealed that EVOO in group G2 significantly reduced the 

concentration of ALT, AST and ALP enzymes (12.99%, 7.65% and 4.32%, respectively) 

comparing with control group G1, while group G3 (fed on ordinary olive oil) had no significant 

differences in the concentration of the previous enzymes. On the other hand, group G4 (fed on 

olive oil category) significantly induced the concentration of ALT, AST and ALP enzymes 

(34.09%, 50.8% and 63.4%, respectively) in contrary with control group. Our results agreed 

with Shidfar et al., (2018) who reported that ALT and AST enzymes significantly decreased 

in the patients' group that received the hypocaloric diet enriched with olive oil (20% of total 

energy intake) comparing with control group which received the hypocaloric diet with normal 

fat. In this regard, the high concentration of monounsaturated fatty acids including oleic acid, 

flavonoids, phenolic compounds like hydroxytyrosol (HT) which found in EVOO and 

oleiuropein activate various signaling pathways in the hepatocytes. Activation of these 

signaling pathways results in the prevention of inflammation, oxidative stress, endoplasmic 

reticulum stress, mitochondrial dysfunction, and insulin resistance leading to prevention or 

resolution of liver damage (Sofi et al., 2013). Also, Abril et al., (2019) found that, extra virgin 

olive oil contains substances that delay the rate of oxidation by directing the breakdown of 

https://ejchem.journals.ekb.eg/?_action=article&au=464325&_au=Amal+R.++Tageldeen
https://ejchem.journals.ekb.eg/?_action=article&au=375823&_au=Marwa+A.++Abdelfatah
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peroxides into stable substances that do not promote further oxidation or by sweeping free 

radicals away. 

Elevation in these enzymes in case of olive oil which contains refined olive oil can be used as 

markers to estimate the extent of liver damage. Our results agreed with Dhibi et al., (2011) 

who noticed a close positive correlation between TFA levels in dietary fat and AST, ALT and 

ALP. These results revealed hepatic damage in rats consumed TFA. In this concern, it was 

reported that oxidative stress mediates many of the effects caused by oxidized fats (Pizzino et 

al., 2017). Oxidative stress results from an imbalance between oxidant production and 

antioxidant defenses (Maritim et al., 2003). Oxidative stress induced by free radicals has been 

linked to the development of several diseases such as cardiovascular, cancer, and 

neurodegenerative diseases (Halliwell, 1997). When cellular antioxidant mechanisms are over 

whelmed, a long-term decline in their antioxidant capacity causes the oxidative stress (Videla 

et al., 2004) and (Browning and Horton, 2004). Oxidative stress is now believed to be an 

important factor in the development of non-alcoholic fatty liver disease (NAFLD) (Videla et 

al., 2004 and 2006). NAFLD is the most common liver disorder in the world, and in obesity, 

type 2 diabetes and related metabolic diseases, its incidence reaches 70-90%. The disease is 

characterized by the accumulation of triacylglycerols inside liver cells, and the condition can 

progress into more serious liver disease, such as non-alcoholic steatohepatitis, liver fibrosis, 

cirrhosis, and more rarely, liver carcinoma (Dhibi et al., 2011). Also, the formation of reactive 

oxygen species (ROS) may increase the dietary oxidized fats and may cause an increased 

damage of proteins in the liver by enhancing lipid peroxidation of the cell membrane and 

increasing the generation of (ROS) which can lead to calcium homeostasis disturbances, 

increase membrane fluidity and cell death (Pizzino et al., 2017). 

 

Effect of different olive oil categories on kidney functions were clarified in Table (7) by 

determination of creatinine, urea and uric acid. Creatine metabolism by muscles produce 

creatinine as a major waste product of the process. It's filtered in kidneys by the glomerulus 

and excreted by the tubules. Besides free-creatinine appears in the blood serum (Foley et al., 

2005, Myers et al., 2006 and Stevenes et al., 2006), urea and uric acid are the principal waste 

products of protein catabolism. They synthesized in the liver from ammonia produced as a 

result of the deamination of amino acids. The rate of production is accelerated by a high protein 

diet or by increased endogenous catabolism due to starvation or tissue damage (Ozer et al., 

2014). It is clear from our results that EVOO and OVOO didn’t have significant effects on 

creatinine, urea and uric acid concentration comparing with control. On the other hand, there 

were significant increases in these parameters in group G4 (55.46, 20.26 and 55.41%, 

respectively) compared to control normal group. Our results agreed with Necib et al., (2013) 

who reported that virgin olive oil treatment did not show any significant alteration in serum 

urea, creatinine and uric acid levels which were noticed respect to controls.  

In normal pathological states EVOO have been described as anti-oxidants that remove free 

radicals for cell protection (Serreli and Deiana, 2020). In experimental studies, olive oil 

phenolic compounds showed strong antioxidant properties against lipids, DNA and LDL 

oxidation (Covas et al., 2006a). Hydroxytyrosol (2-(3,4 dihydroxyphenyl) Ethanol, DPE), one 

of the phenolic compounds present in EVOO has been suggested to be a potent antioxidant, 

thus contributing to the beneficial properties of olive oil (Deiana et al., 1999). DPE 

administration has been shown to reduce the consequences of passive smoking-induced 

oxidative stress (Visioli et al., 2000), prevent LDL oxidation (Wiseman et al., 1996) and 

platelet aggregation and inhibit leukocyte 5- lipoxygenases (De la Puerta et al., 1999). Virgin 

olive oil as an antioxidant agent, ameliorated oxidative injury in the tissues and functional 

deteriorated. Each clinical event is perceived by tissue macrophages and monocytes, which in 

turn secrete cytokines such asinterleukine1, interleukin 6 and TNFα (Ziembia et al., 2005), 



Mounir M. Eid Amal R. Tageldeen   Marwa A. Abdelfatah 

__________________________________________________________________________________________ 

92 

indicating the role of this cytokine in this toxicity, while virgin olive oil depressed the IL1, IL6 

and TNFα levels response. Our results in group G4 were in agreement with Stevens et al., 

(2008) who reported that, there are serious concerns on potential risks of this type of diet for 

renal function because of the trans-fatty acids. 

 

Effect of olive oil categories on erythrocyte (SOD, Catalase, GSPx   and GSH) and 

serum (MDA) levels in rats were recorded in Table (8). 

Under normal conditions, there is a natural defense system provided by several enzymes such 

as (SOD), (CAT), (GSPx) and non-enzymatic antioxidants (GSH) which performs a vital role 

for detoxification of free radicals. The use of antioxidant rich food such as virgin olive oil or 

antioxidant food supplements became immensely popular since many diseases have been 

associated with oxidative stress (Nakbi et al., 2010). Among these antioxidants from extra-

virgin OO, phenolic compounds have received the most attention. Oleuropein derivatives, 

especially hydroxytyrosol, have been shown to have protective effects against markers 

associated with the atherogenic process (Bondia-Pons et al., 2007; Andreadou et al., 2006 

and Gonzalez-Santiago et al., 2006) and to have an antioxidant capacity higher than that of 

other known antioxidants such as vitamins E and C (Paiva-Martins and Gordon, 2005). 

 

Table (8): Effect of olive oil categories on erythrocyte (SOD, Catalase, GSPx   and GSH) 

and serum (MDA) levels in rats 

Treat

ments 

SOD 

(U/ml) 

Catalase 

(U/ml) 

GSPx 

(U/ml) 

GSH 

(mg/dl) 

MDA 

(nmol/ml) 

G1 277.80b±0.800 170.10b±2.100 179.90b±1.900 37.25b±2.850 4.99b±0.700 

G2 290.60a±1.650 179.9a±1.850 184.04a±2.450 40.70a±4.700 4.05d±0.550 

G3 279.72b±2.350 172.86b±2.650 181.07b±4.700 38.25b±3.250 4.50c±0.650 

G4  198.68c±3.600 154.30c±4.300 149.81c±3.150 29.70d±4.700 5.80a±0.800 

LSD 2.128 2.980 2.180 1.737 0.18853 

- Means, within the same column, followed by the same letter are not significantly different at <0.05. 

- Means are followed by the corresponding standard deviation 
- G1: fed on basal diet, G2: fed on EVOO, G3: fed on OVOO and G4: fed on OO (Mixture of 

virgin olive oil and refined olive oil) 

  

Table (8) showed the activity levels of (MDA) in serum, enzymatic antioxidants, (SOD), 

(CAT), (GSPx) and non-enzymatic antioxidants (GSH) in blood in normal and experimental 

rat groups. EVOO (G2) significantly decreased the levels of (MDA) in serum and significantly 

increased the activities of enzymatic antioxidants (SOD), (CAT), (GSPx) and non-enzymatic 

antioxidants (GSH) in blood (18.84, 4.61, 5.76, 2.30, 9.26%, respectively) in contrary with 

normal control group. Also, ordinary olive oil slightly elevated the activities of enzymatic 

antioxidants and non-enzymatic antioxidants without significant differences. These results 

agreed with Oliveras-López et al., (2008) who indicate that, in metabolic tissues, protection 

by EVOO against oxidative stress occurs primarily through a direct antioxidant effect as well 

as through an indirect mechanism that involves greater expression and activity of certain 

enzymes with antioxidant activities. On the other hand, group G4 had significantly increase in 

the levels of (MDA) in serum and significantly decreases in the activities of enzymatic 

antioxidants (SOD), (CAT), (GSPx) and non-enzymatic antioxidants (GSH) in blood (16.23, 

28.48, 9.29, 16.73, and 20.27%, respectively) with respect to control group. The studies of total 

antioxidant capacity (TAC) attempted to evaluate general levels of antioxidants in plasma 

(Friedman et al., 2003), finding decreased TAC in animals exposed to oxidative stress. Tissues 

https://ejchem.journals.ekb.eg/?_action=article&au=464325&_au=Amal+R.++Tageldeen
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with low levels of the reduced form of (GSH) are much more sensitive to external oxidative 

injuries (Puiggro´s et al., 2005), as cells exposed to higher oxidation exhibit accumulation of 

oxidized glutathione (GSSG). (MDA) accumulation results from membrane peroxidation (Kim 

et al., 2000). Therefore, quantification of MDA accumulation provides insight into the integrity 

of lipid membranes. (CAT), (SOD), and (GTPX) are considered some of the more important 

antioxidant defenses of the organism against the production of free radicals (Puiggro´s et al., 

2005). The low level of expression of antioxidant enzymes these enzymes have been 

considered the main reason for the susceptibility of cell to oxidative stress (Lenzen et al., 

1996); therefore, it was predicted that increasing the expression of these enzymes would impart 

a beneficial effect of antioxidant protection. A stressful condition leads to the excessive 

production of free radicals which results in oxidative stress an imbalance in the oxidant per 

antioxidant system. Generation of free radicals is an integral feature of normal cellular 

functions in contrast to excessive generation and/or inadequate removal of free radical results 

in destructive and irreversible damage to the cell (Lobo et al., 2010).  

 

Histopathological examination of liver rats in different experimental groups were showed 

in Figures (1 & 2). The microscopic examined sections of the liver of the experimental rats of 

groups G1, G2 and G3 (Fig.1) showed a normal histological appearance of hepatic lobule 

(slide1, 2, 3, 4, 5 and 6). Also, liver section of rat from group G4 (Fig.2) showed no 

histopathological changes hepatocytes (slide7). Whereas, other sections showed slight 

activation of Kupffer cells (slide8), congestions of central vein and small focal hepatocellular 

necrosis associated with inflammatory cells infiltration (slide9), hepatocellular vacuolization 

(slide10), focal hepatocellular necrosis associated with inflammatory cells infiltration (slide11) 

and portal infiltration with inflammatory cells (slide12).  

 

Conclusion 

Our study revealed that EVOO had the best biological results for all parameters. Moreover, the 

results also proved that there were no negative effects for consumption of OVOO and it was 

clear from the assessed biological parameters comparing with other categories, unlike OO 

(containing refined olive oil) which caused significant increases in TC, LDL, VLDL, TG and 

MAD levels and also increased ALT, AST, ALP, SOD, CAT, GSPx activity whereas, HDL 

and GSH levels were decreased. Also, OVOO did not show any histopathological alterations 

in examined liver sections. 

From the biological results in our study, we can conclude that consumption of OVOO had no 

any health implications or harm effects on health. Maybe, it has low quality category compared 

to EVOO. This issue not related to food safety. So, we recommended not to remove OVOO 

from Codex Standard 33-1981. 
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Figure (1): Liver sections of rats from group G1, G2 and G3showing no histopathological 

alterations (H & E X 400). 
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Figure (2): Histopathological changes in tissue sections livers rats of groups G4 

 

 

 

 

 

Slide (7): Liver section of rat from group G4 showing 

no histopathological alterations (H & E X 400) 

 
Slide (8): Liver of rat from group G4 showing slight 

activation of Kupffer cells (H & E X 400). 

 

Slide (9): Liver of rat from G4 showing congestion of 

central vein and small focal hepatocellular necrosis 

associated with inflammatory cells infiltration (H & 

E X 400). 

 

Slide (10): Liver of rat from G4 showing 

hepatocellular vacuolization (H & E X 400).  

 

Slide (11): Liver of rat from G4 showing focal 

hepatocellular necrosis associated with 

inflammatory cells infiltration (H & E X 400) 

 

Slide (12): Liver of rat from G4 showing sinusoidal 

leukocytosis 

 (H & E X 400). 
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